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[Title of the Invention] PROCESS FOR DECOMPOSITION 
TREATING OF FLUORINE-CONTAINING COMPOUNDS, 
CATALYSTS AND DECOMPOSITION TREATING APPARATUS 



5 [Claims] 
[Claim 1] 

A process for decomposition treating a 
fluorine-containing compound, which comprises contacting 
a gas stream containing as a halogen fluorine, which 

10 forms a compound in combination with an element selected 
from carbon, nitrogen, and sulfur, with a catalyst 
containing Al in the presence of water vapor at a 
temperature of about 200 to 800*^0 to convert the 
fluorine in the gas stream to hydrogen fluoride by 

15 hydrolysis. 
[Claim 2] 

The process according to Claim 1, wherein the 
gas stream containing the fluorine compound is contacted 
with a catalyst containing Al and at least one member 
20 selected from the group consisting of Zn, Ni, Ti, Fe, 
Sn, Co, Zr, Ce, Si and P. 
[Claim 3] 

The process according to Claim 2, wherein the 
catalyst further contains S. 

25 [Claim 4] 
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The process according to Claim 2, wherein the 
catalyst contains constituting components in the form of 
an oxide of each component singly or as a composite 
oxide of Al and other component. 
5 . [Claim 5] 

The process according to Claim 1^ wherein the 
gas stream containing the fluorine compound contains at 
Least one fluorine compound selected from CF4^ CHF3, C2F6, 
C3F8, C4F8^ and C5F8 , and said fluorine compound is 
10 decomposed to at least one of CO and CO2, and HF 
[Claim 6] 

The process according to Claim 1, wherein the 
gas stream containing the fluorine compound contains a . 
fluorine compound comprising SFe , and said SFe is 
15 decomposed to at least one of SO2 and SO3, and HF. 
[Claim 7] 

The process according to Claim 1, wherein the 
gas stream containing the fluorine compound contains a 
fluorine compound comprising NF3 , and said NF3 is 
20 decomposed to at least one of NO and NO2/ and HF. 
[Claim 8] 

A process for decomposition treating a 
fluorine-containing compound, which comprises contacting 
a gas stream containing as a halogen fluorine, which 
25 forms a compound in combination with an element selected 
from carbon, nitrogen and sulfur, with a catalyst 
containing Al in the presence of water vapor at a 
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temperature of about 200 to 800 ''C to convert the 
fluorine compound in the gas stream to hydrogen fluoride 
by hydrolysis, followed by removal of the hydrogen 
fluoride by contacting the gas stream containing the 
5 hydrogen fluoride with water, and neutralization of the 
water containing the hydrogen fluoride with an alkali. 
[Claim 9] 

A catalyst for decomposition treating a 
fluorine-containing compound, characterized by using for 
10" hydrolysis of a- halogen compound containing only 
fluorine as a halogen and containing an Al oxide. 
[Claim 10] 

The catalyst according to Claim 9, wherein the 
catalyst comprises Al and at least one member selected 
15 from Zn, Ni, Ti, Fe, Sn, Co, Zr, Ce, Si and Pt, the 

atomic ratio of A1:M (wherein M is at least one member 
selected from Zn, Ni> Ti, Fe, Sn, Co, Zr, Ce, and Si) 
being 50 to 99% by mole of Al and 50 to 1% by mole of M. 
[Claim 11] 

20 The catalyst according to Claim 10, which 

further contains 0.1 to 20% by weight of S. 
[Claim 12] 

The catalyst according to Claim 10, wherein 
each component is present in the form of an oxide of 
25 each component singly or a composite oxide of Al and 
other component . 
[Claim 13] 
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The catalyst according to Claim 10, wherein 
the catalyst comprises Al and Pt, Pt being contained 
in an amount of 0.1 to 2% by weight. 
[Claim 14] 

5 An apparatus for decomposition treatment of a 

fluorine-containing compound, which comprises a reactor 
packed with a catalyst containing Al; a water adding 
device for adding water vapor to a gas stream containing 
a compound comprising fluorine to be treated in the 

10 reactor and one of carbon, sulfur and nitrogen; and a 
heating device for heating at least one of the catalyst 
packed in the reactor and the gas stream containing 
fluorine compound to be introduced into the reactor to a 
temperature at which the fluorine compound is capable of 

15 being hydrolyzed. 
[Claim 15] 

The apparatus according to Claim 14, which 
further comprises an exhaust gas washing tank for 
washing the gas stream exhausted from the reactor with 
20 water at a later stage of the reactor. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a process for 
25 decomposition treatment of compounds having fluorine 
as a halogen such as CF4, C2F6, SFe, NF3, and the like 
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effectively at a low temperature, a catalyst therefore 
and a decomposition treatment apparatus. 
[0002] 
[Prior Art] 

5 Fluorine compound gases containing only 

fluorine as a halogen such as CF4, C2F6, SFe, NF3, and the 
like are used in a large amount as semiconductor 
etchers, semiconductor cleaners and the like. However, 
it was found that when these substances are discharged 
10 into the atmosphere, global warming took place. 
[0003] 

Gases such as CF4, CaFe, SFe, NF3, etc. have 
fluorine (F) in a large amount as a molecular 
constituting element. The fluorine is the highest in 

15 electronegativity among all the elements and forms 

chemically very stable substances. Particularly, CF4, 
C2F6 and the like are strong in intramolecuar force and 
substances poor in reactivity. From these properties, a 
high temperature is necessary for decomposition such as 

20 combustion and a large amount of energy is consumed 

therefor. Further, the decomposition reaction at high 
temperatures produces gases such as hydrogen fluoride, 
etc. which are large in corrosion rate of apparatus 
materials. It is thus in the current situations that no 

25 appropriate processes for such decomposition treatment 
are not available yet. 
[0004] 
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As the decomposition treatment processes, 
there is proposing a combustion technology at a high 
temperature. But, according to this process, since a 
flammable gas such as propane or the like is used, a 
5 large amount of CO2 and NOx which is a harmful substance 
are produced by combustion. Further, since the 
flammable gas such as propane is used, there is a danger 
of explosion. Further, due to combustion near 1000°C, a 
corrosive gas is produced by the decomposition of the 

10 halogen compound and damages the furnace wall, resulting 
in enhancing the maintenance frequency and enlarging the 
operation cost. Therefore, a technology which can 
decompose at lower temperatures without producing 
harmful substances is necessary. 

15 [0005] 

As to the catalysts for decomposing halogen 
compounds, there have been filed various patent 
applications. But, there are a few reports as to the 
decomposition of halogen compounds containing only 

20 fluorine as a halogen which gas is aimed at in the 

present invention. According to JP-A~3-66388, there is 
a description as to the hydrolysis of halogen compounds 
using a catalyst containing titania, but no 
decomposition function is shown for CF4 which contains 

25 only fluorine as a halogen according to said invention. 
In addition, as disclosed in Chem. Lett. (1989) pp. 
1901-1904, Okazaki et al have tried to hydrolyze CFC- 
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14 (CF4) using Fe203/active carbon, but no decomposition 
took place. As to the decomposition of fluorine 
compounds having only fluorine as a halogen, only JP-A- 
7-116466 reports an example using a decomposition agent 
5 comprising hydrogen fluoride treatment inorganic oxides 
[0006] 

[Problem to be solved by the Invention] 

An object of the present invention is to 
provide a process for efficient decomposition treatment 
10 of fluorine compounds containing only fluorine as a 
halogen such as CF4, CaFe, SFe, NF3, etc. at low 
temperatures, a catalyst for decomposition having a high 
decomposition rate and a long catalyst life, and an 
apparatus for such a decomposition treatment. 
15 [0007] 

[Means for Solving Problem] 

The present inventors have studied 
decomposition treatment processes wherein halogen 
compounds containing only fluorine as a halogen such as 
20 CF4, C2F6, SFe, NF3, can be decomposed at low temperatures 
with high efficiency and an apparatus is hardly corroded 
with corrosive gases in the decomposed gases, and as a 
result, the present invention is attained. 
[0008] 

25 That is, it was found that when a gas stream 

containing as a halogen only fluorine, which forms a 
compound in combination with an element selected from 
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carbon^ sulfur and nitrogen, is contacted with a 
catalyst containing Al in the presence of water vapor at 
about 200 to 800 °C to hydrolyze the fluorine compound, 
the fluorine compound in the gas stream is converted to 
5 hydrogen fluoride. 
[0009] 

The halogen compound containing only fluorine 
as a halogen such as CF4, CaFg which are the gas of the 
object, is strong in the intramolecular force due to 

10 properties of fluorine having high electronegativity, 

and a substance poor in reactivity, so that it is hardly 
decomposed by the reaction with oxygen. That is, by 
adding H2O, it is possible to obtain a high decomposition 
rate for the first time* 

15 [0010] 

The halogen compound which is the object of 
the present invention is a halogen compound containing 
only fluorine as a halogen. Constituting components 
include fluorine, carbon, oxygen, sulfur, nitrogen, etc. 

20 Examples of the compound include CF4, CHF3, CH2F2, CH3F, 
C2F6, C2HF5, C2H2F4, C2H3F3, C2H4F2, C2H5F, C3F8, CH3OCF2CF3, 
C4F8, C5F8, SFe, NF3, etc. 
[0011] 

In the decomposition treatment process of 
25 fluorine compounds according to the present invention, 
there is used a catalyst containing Al. The Al in the 
catalyst is used in the form of an oxide. It is . 
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possible to use Al alone, but it is also possible to 
use in combination with at least one component selected 
from Zn, Ni, Ti, Fe, Sn, Pt, Co^ Zr, Ce and Si. 
Further, when S is added to these catalysts, 
5 decomposition activity of the catalysts can be enhanced. 
[0012] 

Necessary things for catalyst performances are 
to have a high decomposition rate and a long catalyst 
lifetime. As a result of detailed studies of catalysts 
10 showing -these performances, it was found that even AI2O3 
single body can have a high decomposition performance 
depending on raw materials. 
[0013] 

By using a catalyst containing Al and at least 
15 one component selected from Zn, Ni, Ti, Fe, Sn, Pt, Co, 
Zr, Ce, and Si, the decomposition rate can be enhanced 
compared with the case of using Al alone. In these 
catalysts, Al is present in the form of AI2O3, or a 
composite oxide of the added metal component ( s ) . Zn, 
20 Ni, Ti, Fe, Sn, Co, Zr, Ce, and Si are present in the 
form of oxides or composite oxides with Al. In these 
catalysts, the atomic ratio of Al : M (M = at least one 
of Zn, Ni, Ti, Fe, Sn, Co, Zr, Ce, Si) is preferably 50 
to 99% by mole of Al and 50 to 1% by mole of M. 
25 Further, in the catalyst comprising Al and Pt, 

Ft is preferably contained in an amount of 0.1 to 2% by 
weight. By maJcing the amount of adding components other 
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than Al in the range mentioned above, a high 
decomposition rate can be obtained. 
[0014] 

In order to obtain a long catalyst lifetime, 
5 it is effective to suppress crystallization of AI2O3 in 
the catalyst. It is also desirable to form a composite 
oxide of Al and an added metal component such as Ni, Zn, 
to form NiAl204^ ZnAl204 and the like. As a method for 
improving the catalyst performance, there is. a method of 
10 adding S into the catalyst. As a method of adding S, 
there can be employed a method of using a sulfate, or 
using sulfuric acid, or the like at the time of 
preparing the catalyst. The S in the catalyst is 
present in the form of SO4 ion, etc. to function for 
15 strengthening the acid properties of the catalyst. The 
amount of S is preferably from 0.1 to 20% by weight. 
[0015] 

According to the decomposition treatment 
process of the present invention, it is possible to add 
20 oxygen into the gas stream containing the fluorine 

compound such as CF4, C2F6/ etc. It is also possible to 
use the oxidation reaction of CO and the like in the 
decomposed gas . 
[0016] 

25 Typical reactions among decomposition 

reactions of the fluorine compounds are ^s follows. 
[0017] 
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CF4 + 2H20 -> C02 + 4HF (1) 

CsFe + 3H2O CO + CO2 + 6HF (2) 

CHF3 + H2O ^ CO + 3HF (3) 

Reactions according to reaction equations (2) 
5 and (3) can produce CO. The present catalysts also have 
an ability to oxidize CO, and thus CO can be further 
oxidized to CO2 in the presence of oxygen . 
[0018] 

The amount of water vapor to be added is to be 

10 adjusted so that hydrogen molecules are present in an 
amount at least equal to the number of F among the 
fluorine compound to be treated. By this, the. fluorine 
in the compound can be converted to hydrogen fluoride, 
which is easy for aftertreatment . 

15 [0019] 

The reaction temperature used for hydrolysis 
of the fluorine compound is preferably about 200 to 
800 **C. Particularly as to the fluorine compounds 
constituted by at least carbon, fluorine and hydrogen, 

20 about 500 to 800 ''C is preferable. When higher 

temperatures than the above-mentioned are used, higher 
decomposition rates may be obtained, but the catalysts 
are degraded rapidly. Further, the corrosion rate of 
the apparatus materials becomes large suddenly. In 

25 contacting of the gas stream containing only fluorine as 
a halogen and a compound formed from the fluorine and an 
element selected from carbon, sulfur and nitrogen, with 
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a catalyst, the content of the fluorine compound in the 
gas stream is preferably 0.1 to 10% by volume, 
particularly preferably 0.1 to 3% by volume, and the 
space velocity is preferably 100 to 10,000 h"^, 
5 particularly preferably 100 to 3,000 h~\ Space velocity 
(h"*^) is defined by reaction gas flow rate 
(ml/h) /catalyst volume (ml). 
[0020] 

In the decomposition treatment process of 

10 fluorine compounds according to the. present invention, 
hydrogen fluoride, carbon dioxide, etc. are produced as 
decomposed products. In addition, there can be produced 
sulfur oxides such as SO2/ SO3, etc. and nitrogen oxides 
such as NO, NO2/ etc. In order to remove these 

15 decomposed products, it is preferable to use cleaning 
with an alkali solution or cleaning with water. The 
method of cleaning with water is preferable as a method 
for removing hydrogen fluoride while suppressing the 
corrosion of the apparatus. But, in the case of water 

20 cleaning, it is desirable to neutralize the water 

containing hydrogen fluoride with an alkali in a later 
stage. As the alkali, it is possible to use 
CQhventional alkali reagents such as an aqueous solution 
of potassiiiin hydroxide, sodium hydroxide, a slurry 

25 thereof, etc. 

[0021] 

As the Al raw material for preparing the 
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catalyst of the present invention, there can be used y- 
alumina, a mixture of y-alumina and 5-alumina, and the 
like. When boehmite is used as the Al raw material, 
followed by firing to form an oxide, a high 
5 decomposition activity is shown. 
[0022] 

As the raw materials for various metal 
components for preparing the catalysts of the present 
invention, there can be used nitrates, sulfates, 
10 -ammonium salts, chlorides and the like. As the raw 

material for Ni, there can be used nickel nitrate, and 
nickel sulfate. These hydrates can also be used. As 
the raw material for Ti, there can be used titanium 
sulfate, titania sol, and the like. 
15 [0023] 

The catalyst of the present invention can be 
prepared by any of ordinary procedures for preparing 
catalysts, such as a precipitation method, an 
impregnation method, a kneading method, etc. 
20 [0024] 

The catalyst of the present invention can be 
used as such or upon molding into a granular form, a 
honeycomb form,.* etc. by a desired molding procedure such 
as extrusion molding, tabletting, tumbling granulation, 
25 etc., depending on purposes. It is also possible to 
use as a coating on ceramic or metallic honeycombs or 
plates. 
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[0025] 

The reactor used for practicing the treating 
process of the present invention includes an ordinary 
fixed bed, moving bed or fluidized bed reactor. Since 
5 corrosive gases such as HF and the like are produced as 
decomposition product gases, the reactor should be 
constructed by materials hardly damaged by these 
corrosive gases. 
[0026] 

10 The treating apparatus -^used for practicing the 

treating process of the present invention comprises the 
reactor mentioned above, a means for adjusting the 
concentration of the fluorine compound in the gas 
stream, for example, a means for supplying nitrogen, or 

15 air or oxygen to the gas stream, a means for heating at 
least one of the gas stream and the catalyst in order to 
contact them at a temperature of 200 to 800 °C, a means 
for adding water vapor or water to the gas stream in 
order to decompose the fluorine compound, and an exhaust 

20 gas washing tank wherein decomposition products produced 
by contacting the gas stream with the catalyst packed in 
the reactor are washed with water and/or an alkali 
aqueous solution for neutralizing a part of carbon 
dioxide, a part of sulfur oxides such as SO2/ SO3, and 

25 the like, a part of nitrogen oxides such as NO, NO2, and 
the like, and hydrogen fluoride in the decomposition 
products. JX is further preferable to provide a means 
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for adsorption with an adsorber to adsorb carbon 
monoxide, sulfur oxides / and nitrogen oxides in the 
decomposition products not neutralized by alkali washing 
in the later stage of the exhaust gas washing tank. 
5 [0027] 

It is possible to apply the treating process 
for fluorine compound-containing gases of the present 
invention to already constructed semiconductor 
factories. Since a semiconductor factory generally has 

10 an exhaust gas treating apparatus for acid component 
gases, it is possible to use such an apparatus while 
placing only the catalyst of the present invention in 
the exhaust gas line for fluorine compounds such as CF4, 
and adding water vapor followed by heating to conduct 

15 decomposition treatment of fluorine compounds. Further, 
the whole or part of the apparatus of the present 
invention can be mounted on a truck or the like and 
moved to a place wherein wasted fluorine compounds are 
stored in a bomb to directly treat the fluorine 

20 compounds by drawing out thiem for treatment. Further, 
it is possible to mount a circulatory pump for 
circulating the washing solution in the exhaust gas 
washing tank, and an exhaust gas adsorption tank for 
adsorbing carbon monoxide, etc. in the exhaust gas at 

25 the same time. In addition, it is possible to mount an 
electric generator and the like. 
[0028] 
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According to the decomposition treatment 
process for fluorine compounds of the present invention, 
fluorine compounds can be decomposed at lower 
temperatures, so that the operation cost can be reduced. 
5 [0029] 

When fluorine compound-containing gases are 
treated, there arises a problem of corrosion of 
apparatus materials by acid components produced by 
decomposition such as HF and the like* According to the 
10 present invention, since the temperature used is low, 
the corrosion rate is small. Thus, the maintenance 
frequency of the apparatus can be reduced. 
[0030] 

The decomposition treatment process of 
15 fluorine compounds of the present invention comprises a 
catalytic reaction step for decomposing the fluorine 
compounds and an exhaust gas washing step for removing 
neutralized acid components in the decomposition product 
gases, so that the apparatus can be minimized. 
20 [0031] 

The decomposition of fluorine compounds are 
.conducted by the reaction with water vapor, so that 
safety as the decomposition treatment process is high 
and there is no dangers such as explosion in the case of 
25 using flammable gases. 
[0032] 

[Mode for Carrying out the Invention] 
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Hereinafter, the present invention is 
explained in detail referring to Examples, The present 
invention is not limited to these Examples. 
[0033] 

5 Fig. 1 shows an example of a decomposition 

treatment process of halogen compounds when used in a 
semiconductor etching step. 
[0034] 

In the etching step, a fluorine compound 1 
10 such as CF4 is supplied to an - etching furnace under 

reduced pressure, excited by plasma for 20 minutes to 
react with a semiconductor. Then, the chamber is 
replaced by N2 2 to dilute the concentration of the 
halogen compound to several percents, followed by 
15 discharge from the etching furnace at about 10 l./min. 
[0035] 

To the discharged gas, air 3 is added to 
dilute the halogen compound such as CF4. At that time, 
nitrogen can be added for dilution. Further, the 

20 dilution can be done by adding nitrogen and oxygen. To 
this diluted gas, water vapor is added by a water adding 
device 4 to give a reaction gas 5, which is sent to a 
decomposition step. The decomposition step is 
conducted in a reactor packed with a catalyst. The 

25 concentration of halogen compound in the reaction gas is 
about 0 . 5 to 1% . In the decomposition step, the 
reaction gas 5 is contacted with a catalyst containing 
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Al at about 200 to 800°C under the condition of space 
velocity of 1000 per hour [space velocity (h"*^) = 
reaction gas flow rate (ml/h) / catalyst volume (ml) ] . 
In this case, the reaction gas can be heated, and the 
5 catalyst can be heated by an electric furnace and the 
like. The decomposed gas 6 is led to the exhaust gas 
washing step. In the exhaust gas washing step, the 
decomposition gas 6 is sprayed with water 7 to remove 
acid components in the decomposition gas and the 

10 resulting exhaust gas 8 is discharged to system outside. 
The acidic waste water 9 containing the acidic gas is 
treated in a waste water treating apparatus provided in 
the semiconductor plant. The decomposition rate of the 
halogen compound such as CF4 is obtained from the 

15 analysis data of the reaction gas 5 and the decomposed 
gas 6 using FID (flame ionization detector) gas 
chromatograph and TCD (thermal conductivity detector) 
gas chromatograph, and material balance at the inlet and 
the outlet. 

20 [0036] 

Fig. 10 shows an example of the treating 
apparatus of the present invention. The fluorine 
compound gas from the etching step is sprayed with water 
from an inlet spray 10 to remove impurities such as SiF4, 

25 etc. in the gas. The resulting gas, air 3 and water 7 
purified with an ion exchange resin 11, etc. are to be 
heated by a. heater 13 in a preheater 12. The reactor 15 
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is packed with a catalyst 14 containing Al. Further, in 
a later stage of the reactor 15, there are provided a 
cooling chamber 17 having a water spraying means 16 and 
an exhaust gas washing tank 20 having a water spraying 
5 means 18 and including a filler 19. The exhaust gas 18 
is drawn by a blower 21, and the acidic waste water 9 is 
drawn by a pump 22* The water containing hydrogen 
fluoride in the exhaust gas washing tank is ion exchange 
treated for making it possible to use again as a pure 

10 water material, 
[0037] 
[Example 1] 

In this Example, activities of various 
fluorine compound decomposition catalysts are examined, 

15 [0038] 

A C2F6 gas having a purity of 99% or more was 
diluted with air, and the diluted gas was further 
admixed with steam. Steam was prepared by feeding pure 
water to a reactor tube from the top at a flow rate of 

20 about 0.2 ml/min. by a microtube pump to gasify the pure 
water. The reaction gas had a CaFs concentration of 
about 0.5%, and was brought into contact with a catalyst 
heated to a predetermined temperature by external 
heating of the reactor tube in an electric oven at a 

25 space velocity of 2,000 h"^. 
[0039] 

The reactor tube was an Inconel reactor tube 



- 19 - 



10-172543 

having an inner diameter of 32 iraa and had a catalyst bed 
fixed at the center of the reactor tube. An Inconel 
thermowell for a thermocouple, 3 mm in diameter, was 
inserted into the catalyst bed. Decomposition product 
5 gas from the catalyst bed was bubbled through an aqueous 
calcium fluoride solution and discharged to the system 
outside. The decomposition rate of CaFe was obtained by 
the following equation using FID gas chromatograph and 
TCD gas chromatograph: 
10 [004 0]" 

[Expression 1] 



Halogen compound 
at outlet 

Decomposition = 1 x ICQ (%) 

rate Halogen compound 

fed 



[0041] 

The following catalysts were prepared for the 
test under the foregoing conditions: 

15 [0042] 
Catalyst 1: 

Boehmite powders of commercially available 
were dried at 120°C for 2 hours. 200 g of the resulting 
dried powders were fired at 300 °C for 0.5 hour and at 

20 700 **C for 2 hours. The resulting powers were placed in 
a mold, and compression molded under a pressure of 500 
kgf/cm^. The molded article was pulverized and sieved to 
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obtain grains having grain sizes of 0.5 - 1 mm and 
tested. The catalyst after completion consists of AI2O3. 

[0043] 
Catalyst 2: 

5 Boehmite powders of commercially available 

were dried at 120^C for one hour. To 200 g of the 
resulting dried powders, an aqueous solution dissolving 
85.38 g of zinc nitrate hexahydrate was added and 
kneaded. After kneading, the kneaded mixture was dried 

10 at 250° - 300'*C for about 2 hours, and then fired at 700°C 
for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0,5 - 1 mm 
and tested. The resulting grain composition for 
catalyst was in an atomic ratio of Al : Zn = 91 : 9 

15 (mole %) . This catalyst contains a composite oxide of 
Zn and AI2O3 in addition to Al oxide and Zn oxide. 

[0044] 
Catalyst 3: 

Boehmite powders of commercially available 

20 were dried at 120**C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
50.99 g of nickel sulfate hexahydrate and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250** - 300°C for about 2 hours and then fired at 

25 700°C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. The resulting grain composition for 
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catalyst was in an atomic ratio of Al : Ni = 91 : 9 
(mole %) . This catalyst contains Al oxide, Ni oxide, a 
Composite oxide of NiAl204 and S oxide. 
[0045] 
5 Catalyst 4: 

Boehmite powders of commercially available 
were dried at 120°C for one hour. 300 g of the resulting 
dried powders were admixed with an aqueous solution of 
125-04 g of nickel nitrate hexahydrate and the mixture 
10 was kneaded. After kneading, the kneaded mixture was 

dried at 250° - 300^C for about 2 hours and then fired at 
TOO^'C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. The resulting grain composition for 
15 catalyst was in an atomic ratio of Al : Ni = 91 : 9 

(mole %) . This catalyst contains Al oxide, Ni oxide and 
NiA1204 composite oxide - 

[0046] 
Catalyst 5: 

20 Boehmite powders of commercially available 

were dried at 120**C for one hour. 300 g of the resulting 
dried powders were kneaded with 354.4 g of an aqueous 
30% titanium sulfate solution while adding about 300 g 
of pure water thereto. After kneading, the kneaded 

25 mixture was dried at 250° - 300°C for about 5 hours and 
then fired at 700°C for 2 hours. The fired product was 
pulverized and sieved to obtain grains having grain 
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sizes of 0.5 - 1 mm and tested. The resulting grain 
composition for catalyst was in an atomic ratio of Al : 
Ti = 91 : 9 (mole %) • 
[0047] 
5 Catalyst 6: 

Boehmite powders of commercially available 
were dried at 120**C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
115.95 g of iron nitrate nonahydrate and the mixture was 

10 kneaded. After kneading, the kneaded mixture was dried 
at 250^ - 300°C for about 2 hours and then fired at 7Q0°C 
for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 
mm, and tested. The resulting grain composition was in 

15 an atomic ratio of Al : Fe == 91 : 9 (mole %) . 
[0048] 
Catalyst 7: 

Boehmite powders of commercially available 
were dried at 120**C for one hour. 200 g of the resulting 

20 dried powders were admixed with an aqueous solution of 
95.43 g of tin chloride hydrate and the mixture was 
kneaded. After kneading, the kneaded mixture was dried 
at 250° - SOO'^C for about 2 hours and then fired at 700°C 
for 2 hours. The fired product was pulverized and 

25 sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. The resulting grain composition for 
catalyst was in an atomic ratio of Al : Sn = 91 : 9 
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(mole %) . 

[0049] 
Catalyst 8: 

Boehmite powders of commercially available 
5 were dried at 120^C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution 
prepared by diluting 22.2 g of a dinitrodiamino Pt{II) 
nitric acid solution (Pt concentration: 4.5 wt.%) with 
200 ml of pure water, and the mixture was kneaded. 

10 After kneading, the kneaded mixture was dried at 250° - 
300°C for about 2 hours and then fired at 700°C for 2 
hours. The fired product was pulverized and sieved to 
obtain grains having grain sizes of 0.5 - 1 mm and 
tested. The resulting grain composition for catalyst 

15 contained 0.68% by weight of Ft based on 100% 
by weight of AI2O3. 

[0050] 
Catalyst 9: 

Boehmite powders of commercially available 

20 were dried at 120**C for one hour. 300 g of the resulting 
dried powders were admixed with an aqueous solution of 
125.87 g of cobalt nitrate hexahydrate, and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250° - SOO^'C for about 2 hours and then fired at 

25 700°C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 ^ 1 mm 
and tested. The resulting grain composition was in an 
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atomic ratio of Al : Co = 91 : 9 (mole %) 

[0051] 
Catalyst 10: 

Boehmite powders of commercially available 
5 were dried at 120®C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
76-70 g of zirconyl nitrate dihydrate, and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250'' - SOO^'C for about 2 hours and then fired at 

10 700**C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. The resulting grain composition for 
catalyst was in an atomic ratio of Al : Zr = 91 : 9 
(mole %) . 

15 [0052] 
Catalyst 11: 

Boehmite powders of commercially available 
were dried at 120°C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 

20 124.62 g of cerium nitrate hexahydrate, and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250'' - SOO'^C for about 2 hours and then fired at 
700*^0 for 2 hours. " The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 mm 

25 and tested. The resulting grain composition for 

catalyst was in an atomic ratio of Al : Ge == 91 : 9 
(mole %) . 
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[0053] 
Catalyst 12: 

Boehmite powders of commercially available 
were dried at 120'*C for one hour. 300 g of the resulting 
5 dried powders were admixed with an aqueous solution of 
129.19 g of 20 wt.% silica sol, and the mixture was 
kneaded. After kneading, the kneaded mixture was dried 
at 250° - 300°C for about 2 hours and then fired at 700*^0 
for 2 hours. The fired product was pulverized and 
10 sieved to obtain grains having grain sizes of 0.5 - 1 mm 
and tested. The resulting grain composition for 
catalyst was in an atomic ratio of Al : Si = 91 : 9 
(mole %) - 

[0054] 

15 Test results of the foregoing Catalysts 1-12 

at a reaction temperature of 700**C are shown in Fig. 2. 
The catalyst comprising Al and Zn and the catalyst 
comprising Al and Ni show particularly high 
decomposition activity compared with other catalysts. 

20 Then, the catalyst comprising Al and Ti shows the next 
high decomposition activity. Reasons for Catalyst 3 
having higher activity than Catalyst 4 seems to be the 
effect of S. 
[0055] 

25 [Example 2] 

In this Example, the composition of Al and Ni 
in Catalyst 4 in Example 1 was changed to give 
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catalysts, and decomposition activities of C2F6 are 
examined and shown. 

[0056] 
Catalyst 4-1: 

5 Boehmite powders of commercially available 

were dried at 120°C for one hour. 200 g of the resulting 
dried powder were admixed with an aqueous solution of 
8.52 g of nickel nitrate hexahydrate, and the mixture 
was kneaded- After kneading, the kneaded mixture was 

10 dried at 250^ - 300*=*C for about 2 hours and then fired at 
700''C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0-5 - 1 
mm. The resulting grain composition for catalyst was in 
an atomic ratio of Al : Ni = 99 : 1 (mole %) . 

15 [0057] 

Catalyst 4-2: 

Boehmite powders of commercially available 
were dried at 12G°C for one hour. 300 g of the resulting 
powders were admixed with an aqueous solution of 66.59 g 

20 of nickel nitrate hexahydrate, and the mixture was 

kneaded. After kneading, the kneaded mixture was dried 
at 250** - 300*'C for about 2 hours and then fired at 700°C 
for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0 . 5 - 1 

25 mm. The resulting grain composition for catalyst was in 
an atomic ratio of Al : Ni = 95 : 5 (mole %) . 
[0058] 
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Catalyst 4-3: 

Boehmite powders of conunercially available 
were dried at 120®C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
5 210.82 g of nickel nitrate hexahydrate, and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250'* - 300°C for about 2 hours and then fired at 
700**C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 
10 mm". The" resulting grain composition for catalyst was in 
an atomic ratio of Al : Ni = 80 : 20 (mole %) . 

[0059] 
Catalyst 4-4: 

Boehmite powders of commercially available 
15 were dried at 120°C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
361.16 g of nickel nitrate hexahydrate, and the mixture 
was kneaded. After kneading, the kneaded mixture was 
dried at 250"* - 300^C for about 2 hours and then fired at 
20 700®C for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0.5 - 1 
mm. The resulting grain composition for catalyst was in 
an atomic ratio of Al : Ni = 70 : 30 (mole %) . 
[0060] 
25 Catalyst 4-5: 

Boehmite powders of commercially available 
were dried at 120**C for one hour. 200 g of the resulting 
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dried powders were admixed with 562.1 g of nickel 
nitrate hexahydrate, and the mixture was kneaded while 
adding water thereto. After kneading, the kneaded 
mixture was dried at 250° - 300**C for about 2 hours and 
5 then fired at lOO'^C for 2 hours. The fired product was 
pulverized and sieved to obtain grains having grain 
sizes of 0.5 - 1 mm. The resulting grain composition 
for catalyst was in an atomic ratio of Al : Ni = 60 : 40 
(mole %) . 

10 [0061] 

Activities of the above-mentioned Catalyst 4 
and 4-1 to 4-5 were examined in the same manner as in 
Example 1 except for changing the concentration of CaFe 
to 2% and the supplying amount of pure water to about 

15 0.4 ml/min. Decomposition rates after 6 hours from the 
beginning of the test are shown in Fig. 3. When the 
mole% of Ni/ (Ni + Al) being 20 to 30 mole%, the activity 
is the highest, and when 5 to 40 mole%, the activity is 
next high. 

20 [0062] 
[Example 3] 

In this Example, the composition of Al- an Zn 
in Catalyst 2 in Example 1 was changed to prepare 
various catalyst and activities thereof were examined. 
25 [0063] 
Catalyst 2-1: 

Boehmite powders of commercially available *. 
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were dried at 120°C for one hour. 200 g of the resulting 
dried powders were admixed with an aqueous solution of 
215.68 g of zinc nitrate hexahydrate and the mixture was 
kneaded. After kneading^ the kneaded mixture was dried 
5 at 250^ - 300°C for about 2 hours and then fired at 700*=*C 
for 2 hours. The fired product was pulverized and 
sieved to obtain grains having grain sizes of 0,5 - 1 
mm. The resulting grain composition for catalyst was in 
an atomic ratio of Al : Zn = 80 : 20 (mole %) . 

10 [0064] 

Catalyst 2-2: 

Boehmite powders of commercially available 
were dried at 120''C for one hour. 200 g of the resulting 
dried powders were admixed with 369.48 g of zinc nitrate 

15 hexahydrate and the mixture was kneaded. After 

kneading, the kneaded mixture was dried at 250** - 300**C 
for about 2 hours and fired at 700**C for 2 hours- The 
fired product was pulverized and sieved to obtain grains 
having grain sizes of 0 . 5 ~ 1 mm. The resulting grain 

20 composition for catalyst was in an atomic ratio of Al : 
Zn = 70 : 30 (mole %) . 

[0065] 
Catalyst 2-3: 

Boehmite powders of commercially available 

25 were dried at 120'*C for one hour. 126.65 g of the 

resulting dried powders were admixed with an aqueous 
solution of 96.39 g of zinc nitrate hexahydrate, and the 
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mixture was kneaded. After kneading, the kneaded 
mixture was dried at 250® - 300**C for about 2 hours and 
then fired at 700**C for 2 hours. The fired product was 
pulverized and sieved to obtain grains having grain 
5 sizes of 0.5 - 1 mm. The resulting grain composition 
for catalyst was in an atomic ratio of Al : Zn = 85 : 15 
(mole %) . 

[0066] 

Activities of the above-mentioned Catalysts 2, 

10 2-1 to 2-3 were examined, in the same manner as in 

Example 1 except for changing the concentration of C2F6 
to 2% and the supplying amount of pure water to about 
0,4 ml/min. The decomposition rates after 6 hours from 
the beginning of the test are shown in Fig. 4. When the 

15 mole% of Ni/(Ni + Al) is 10 to 30 mole%, the activity is 
the highest. 

[0067] 
[Example 4] 

This Example shows the results of 

20 decomposition of CF4, CHF3 and C2F6 while changing the 

reaction temperatures. The test conditions are the same 
as those of Example 1 except for changing the space 
velocity to 1000 per hour, and using nitrogen in place 
of air for diluting the halogen compounds. The catalyst 

25 used was Catalyst 4-3 in Example 2. Test results for 
each reaction temperature are shown in Fig. 5. The 
catalyst comprising Al and Ni has a high decomposition 
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rate even for CHF3 and CF4. Further, it has a high 
activity for these fluorine compounds even at a low 
temperature of about 600**C, Particularly in the case of 
CHF3, even if the CHF3 concentration in the reaction gas 
5 is 0.1%, the decomposition was 35% at 300°C. 
[0068] 
[Example 5] 

This Example shows the results of examination 
of influences of steam upon C2F6 decomposition. The test 

10 conditions are the same as those in Example 1 except for 
changing the space velocity to 1,000 h~-^. The catalyst 4 
in Example 1 was used at a reaction temperature of 700**. 
The test was carried out by supplying steam for 2 hours 
from the start of test, then interrupting supply of 

15 steam. After 5 hours, steam was supplied again. Test 
results are shown in Fig. 6. Since the decomposition 
rate was enhanced at the time of vapor addition, it was 
found clear that the decomposition of C2F6 was caused by 
hydrolysis . 

20 [0069] 
[Example 6] 

This Example shows the results of 
decomposition of SFe and C3F8 using the Catalyst 4-3 
comprising Al and Ni. The test conditions for SFs 

25 are the same as those of Example 1 except for using a SFs 
gas having a purity of 99% or more, changing the space 
velocity to 1,000 h"^ and using nitrogen in place of air 
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for diluting SFc- The test conditions for C3F8 are the 
same as those of Example 1. The test results are shown 
in Fig. 7. The amount of SFg in the reaction gas at the 
reaction tube inlet and the amount of SFe in the 
5 decomposed gas after passing the alkali absorption tank 
were measured by TCD gas chromatograph and the 
decomposition rate was calculated by the following 
equation. It was found that the decomposition rate of 
SFe at a reaction temperature of 550 to 700°C was 99% or 
10 more. In the decomposition test of G3F87 a high 

reaction rate was obtained at the reaction temperature 
of 700**C or higher. 

[0070] 
[Expression 2] 



« 33 - 



10-172543 

Amount of SFe at 
the outlet 

Decomposition rate = 1 x 100 (%) 

Amount of 
fed SFe 

[0071] 
[Example 7] 

This Example shows the results of 
decomposition of NF3 using Catalyst 4-3 comprising Al and 
5 Ni. The test conditions are the same as those of 

Example 6 except for using a NF3 gas having a purity of 
99% or more. Reaction temperature was 700®C. The amount 
of NF3 in the reaction gas at the inlet of the reactor 
tube and the amount of NF3 in the decomposition gas after 
10 passing the alkali absorption tank were determined by 
TCD gas chromatograph and the decomposition rate was 
calculated according to the following equation. It was 
found that the decomposition rate was 99% or more. 
Further, the decomposition rate at 700**C or lower are 
15 shown in Fig. 8. The decomposition rate of 99.9% was 
obtained even at 4 00°C. 

[0Q72] 
[Expression 3] 

Amount of NF3 at 
the outlet 

Decomposition rate = x 100 (%) 

Amount of fed NF3 

[0073] 
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[Example 8] 

Using a catalyst containing Al and Ni at an 
atomic ratio of Al : Zn = 85 : 15 {mole%), decomposition 
of CF4, C4F8 and CHF3 was conducted. 
5 [0074] 

The decomposition of CF4 was conducted by 
diluting CF4 gas having a purity of 99% or more with air^ 
adding vapor thereto, and contacting with the catalyst 
at predetermined reaction temperatures. The space 
10 velocity was 1,000 per hour. 
[0075] 

The CF4 concentration in the reaction gas was 
about 0.5%. The flow amount of vapor was adjusted so as 
to be about 50 times as large as that of the gas. 
15 [0076] 

The decomposition of CHF3 and C4F8 was 
conducted in the same manner as mentioned above. 
[0077] 

Fig. 9 shows the test results. The catalyst 
20 comprising Al and Zn shows high decomposition activity 

even for CHF3 and CF4. As to C4F8, it was made clear that 
high decomposition rate was shown when the temperature 
was made about 700°C or higher. 
[0078] 

25 [Effects of the Invention] 

According to the present invention, halogen 
compounds having only fluorine as a halogen such as CF4, 
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C2F6, etc. can be subjected to decomposition treatment 
with high efficiency. 



[Brief Description of the Drawings] 
5 [Fig. 1] 

A drawing showing a treatment process of 
Example 1 of the present invention. 
[Fig. 2] 

A drawing showing performances of each 
10 catalyst of the present invention. - - 
[Fig. 3] 

A drawing showing decomposition perf oimances 
of Al-Ni catalyst of the present invention for C2F6- 
[Fig. 4] 

15 A drawing showing decomposition activity of 

Al-Zn catalyst of the present invention for C2F6. 
[Fig. 5] 

A drawing showing decomposition activity of 
Al-Ni catalyst of the present invention for CaFe/ 
20 CHF3 and CF4. 
[Fig. 6] 

A drawing showing influences of steam on the 
decomposition of C2F6 using Al*Ni catalyst of the present 
invention. 
25 [Fig. 7] 

A drawing showing decomposition activity of 
Al-Ni catalyst of the present invention for SFe, and 
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C3F8. 
[Fig. 8] 

A drawing showing decomposition activity of 
Al-Ni catalyst of the present invention for NF3. 
[Fig. 9] 

A drawing showing decomposition activity of 
Al-Zn catalyst of the present invention for CF4, C4F8 and 
CHF3. 
[Fig. 10] 

Outline of structural drawing of one example 
of the decomposition treating apparatus of the present 
invention. 

[Description of Reference Niomerals] 

1 ... fluorine compound such as CF4, 2 ... N2, 
3 ... air, 4 ... water adding device, 5 ... reaction 
gas, 6 . . .decomposed gas, 7 ... water, 8 ... exhaust 
gas, 9 ... acidic waste water, 10 ... inlet spray, 
11 ... ion exchange resin, 12 ... preheater, 13 ... 
heater, 14 ... catalyst, 15 ... reactor, 16, 18 ... 
spray means, 17 ... cooling chamber, 19 ... filler, 
20 ... exhaust gas washing tank, 21 ... blower, 22 ... 
pumpl 
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[Title of Document] Abstract 

[Abstract] 

[Problem] 

To provide decomposition treatment of fluorine 
compounds containing only fluorine as a lialogen such as 
CF4. C2F6/ etc. witli high efficiency. 
[Solution] 

A gas stream containing fluorine compounds 
containing only fluorine as a halogen is contacted with 
a catalyst containing Al such as those containing Al and 
Ni, Al and Zn, and Al and Ti, in the presence of stream 
at about 200° - 800*^0, to convert the fluorine in the gas 
stream to hydrogen fluoride. 
[Advantages] 

Fluorine compounds containing only fluorine as 
a halogen can be subjected to decomposition treatment 
with high efficiency. 
[Selected Drawing] Fig. 2 
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